Purpose to compare the baseline characteristics and chance of live birth in the different categories of poor responders identified by the combinations of the Bologna criteria and establish whether these groups comprise a homogenous population. Methods database containing clinical and laboratory information on IVF treatment cycles carried out at the Mother-Infant Department of the University Hospital of Modena between year 2007 and 2011 was analysed. This data was collected prospectively and recorded in the registered database of the fertility centre. Eight hundred and thirty women fulfilled the inclusion/ exclusion criteria of the study and 210 women fulfilled the Bologna criteria definition for poor ovarian response (POR). Five categories of poor responders were identified by different combinations of the Bologna criteria. Results There were no significant differences in female age, AFC, AMH, cycle cancellation rate and number of retrieved oocytes between the five groups. The live birth rate ranged between 5.5 and 7.4 % and was not statistically different in the five different categories of women defined as poor responders according to the Bologna criteria. Conclusion The study demonstrates that the different groups of poor responders based on the Bologna criteria have similar IVF outcomes. This information validates the Bologna criteria definition as women having a uniform poor prognosis and also demonstrates that the Bologna criteria poor responders in the various subgroups represent a homogenous population with similar pre-clinical and clinical outcomes.
Introduction
Poor ovarian response (POR) to gonadotropin stimulation leading to cycle cancellation and reduced chance of a live birth in an IVF programme still remains a challenge for infertility specialists. The starting point for any hypothetical strategy deployment is the correct identification of women and personalization of therapy with the aim of optimizing the outcome of every single IVF cycle and maximizing the live birth rate [1] . Inadequate ovarian response is the intrinsic inability of ovaries to respond appropriately to the stimulation chosen for the patient. This implies that, following exogenous gonadotropin stimulation, there is a lower number of growing follicles and lower serum estradiol levels (E2), resulting in a reduced number of retrieved oocytes and embryos available for transfer. The term BPOR^is the most appropriate term for defining this condition [2] .
The pathophysiological basis of POR, is to be mainly found in the ovarian reserve, which is dramatically reduced in these women. This means that in women that respond poorly to gonadotropins there is a low number of primordial follicles in the ovaries and a reduced number of recruitable follicles capable of growing following stimulation [3, 4] . Accordingly reduced age at menopause has been hypothesized for these women as a long-term consequence of having a smaller pool of primordial follicles [5] . In recent years, authors who have tried to define criteria for identifying POR have referred to variables such as: a peak E2 level of <300 pg/ml to <500 pg/ml [6, 7] , requirement for an increased daily [8] or total gonadotropin stimulation dose [9] or previous cancelled cycle due to a poor response [10] . Although the number of developing follicles and/or the number of oocytes retrieved after a standard dose of ovarian stimulation are two of the most frequent criteria used, the suggested cut-offs have often varied [7, 11, 12] . Most clinicians prefer to choose the Bless than 4 retrieved oocytes^criteria for predicting POR. The recruitment of fewer than 4 oocytes following a standard ovarian stimulation should be able to predict POR with a good sensitivity and specificity even in subsequent IVF cycles [12] .
However, the lack of uniformity in diagnostic criteria has recently created the need for a consensus on the definition of POR [2] . The European Society of Human Reproduction and Embryology (ESHRE) consensus has established that to define a poor responder at least two of the following three features must be present: i) advanced female age ii) a previous POR iii) an abnormal ovarian reserve test (ORT) or in the absence of the above criteria two previous POR following maximal stimulation [2] .
The presence of a reduced ovarian reserve is believed to be variably related to the deterioration of oocyte quality to the extent that it can alter embryo development and reduce the chances of a possible term pregnancy [13] [14] [15] [16] [17] . In clinical practice, when a woman is defined as poor responder on the sole basis of ovarian assessment, reproductive prognosis is not easy to determine. In the case of equal ovarian assessment, other parameters could influence pregnancy rate, for example age [18] [19] [20] [21] , which is the most important predictive variable of live birth in IVF. Globally, women who are poor responders have a lower pregnancy rate than normally responding women [19, [22] [23] [24] . Even in young poor responders IVF results are low but acceptable [25] .
As seen with the Rotterdam criteria for PCOS [26] , the Bologna criteria for poor response [2] would lead to the identification of different groups (or 'phenotypes') of poor responders. In particular five different classes of POR may be defined from the different combinations of the Bologna criteria as follows: i) one previous poor response and age ≥40 years, ii) one previous poor response and abnormal markers of ovarian reserve, iii) age≥40 years and abnormal markers of ovarian reserve (the so-called expected poor response category), iv). one previous poor response in a woman aged≥40 years and with abnormal markers of ovarian reserve, v) two previous POR cycles following maximal stimulation.
A complete dissertation about how the criteria were chosen is beyond the scope of this article and are reported in detail elsewhere [2] . Briefly the prevalence of poor response increases with age, and in women older than 40 years of age it is >50 % [2] . Hence age may was proposed as a post hoc test, which means that a woman aged over 40 years with one previous poor IVF cycle may be classified as a poor responder.
Similarly in a woman with a poor response in first cycle, a reduced ovarian reserve must be confirmed using a post hoc test such as an abnormal ORT or a subsequent POR despite maximal stimulation [2] .
Following the Bologna criteria definition it has been debated if the consensus actually defined a uniform group and the possibility that the various sub groups could have diverse baseline characteristics and varied clinical prognosis [27, 28] . Unless these apprehensions are tested and refuted the previously acknowledged difficulties in interpreting research on POR due to lack of a uniform definition will still continue to be a problem. To date, there is no data on the validation of the Bologna criteria and assessment of outcomes in the various categories of poor responders defined by the Bologna criteria which is essential to support its use by clinicians and researchers planning clinical studies. The aim of this study is to compare the baseline characteristics and the chances of live birth in the different categories of poor responders identified by the combinations of the Bologna criteria and establish whether these groups comprise a homogenous population.
Materials and methods
We analyzed the database containing clinical and laboratory information on IVF treatment cycles carried out at the MotherInfant Department of the University Hospital of Modena between the years 2007 and 2011. These data were collected prospectively and recorded in the registered database of the fertility centre. Cycles were selected for analysis only when all the following inclusion criteria were satisfied:1. complete patient records on anamnestic, clinical, IVF cycle characteristics, and reproductive outcome after IVF, 2. starting gonadotrophin dose of at least 200 IU per day for the first 5 days of ovarian stimulation (in order to exclude women with low number of oocytes due to under stimulation of the ovaries), 3. oocyte retrieval performed by a senior doctor, 4. availability of at least one measurement between AMH and/ or AFC in the 3 months before commencing ovarian stimulation. All women had their ovarian reserve measured before entry in the IVF programme. The ovarian reserve evaluation consisted in the measurement of AMH and AFC. Clinical exclusion criteria were: previous ovarian surgery, presence of ovarian cysts, history of PID (pelvic inflammatory disease) or positivity to chlamydia antibody testing, any known endocrinological disease.
Women underwent IVF cycles according to the long GnRH agonist or the GnRH antagonist protocol. The long GnRH agonist protocol was based on the administration of daily leuprorelin (Enantone die, Takeda) or triptorelin (Decapeptyl 0.1 mg, Ipsen; Fertipeptil 0,1 mg, Ferring) starting from day 21 of the preceding menstrual cycle. Recombinant FSH (Gonal F, Merck Serono or Puregon, MSD) at a dose of at least 200 IU/day (range 200-300 IU/day) subcutaneously was commenced when pituitary desensitization was achieved (~14 days after the initiation of GnRH agonist), as evidenced by the absence of ovarian follicles>10 mm and endometrial thickness <4 mm on transvaginal ultrasound examination. The GnRH antagonist protocol was based on the administration of recombinant FSH (Gonal F, Merck Serono or Puregon, MSD Organon) at a dose of at least 200 IU/day (range 200-300 IU/ day) subcutaneously from day 2 of a spontaneous menstrual cycle. The GnRH antagonist, Ganirelix (Orgalutran, MSD) or Cetrorelix (Cetrotide, Merck Serono), was next administered daily by s.c. injection (0.25 mg/d) from the day of the stimulation cycle when the first follicle reached 14 mm in size to the day of human chorionic gonadotropin (HCG) administration. When follicles reached ≥18 mm, 10000 IU of hCG (Gonasi, IBSA) or recombinant hCG (Ovitrelle, Merck Serono) were administrated intramuscularly/ subcutaneously and 34-36 h later follicles were aspirated under patient sedation.
Clinical pregnancy was defined as from ultrasound visualization of a gestational sac with evidence of a fetal heartbeat, excluding all ectopic and biochemical pregnancies. As per clinical practice all pregnancies were followed up to delivery and the outcome recorded. Live birth was defined by the birth of at least one live-born child. All women gave written informed consent at the time of the IVF cycle for recording and for the use of laboratory and clinical data related to their medical history for clinical research purpose. Institutional review board (IRB) for the retrospective analyses was obtained.
Ovarian reserve markers assessment
As per clinical practice all women entering the IVF program in the clinic underwent ovarian reserve markers (AFC and/or AMH) measurement on a routine basis. All ultrasound examinations for AFC evaluation were carried out in the early-to mid-follicular phase by using the multifrequency vaginal probe on a GE Voluson E6 (GE, Milan, Italy). Examination of the ovary was established by scanning from the outer to the inner margin. All 2-10 mm follicles in site were counted in each ovary. Follicular size was measured by using the internal diameters of the area. The mean of two perpendicular measurements was assumed to be the follicular size. The sum of counts in both ovaries produced the AFC.
The blood sample for AMH determination was performed on the day in which women were addressed to IVF, independently of the last menstrual cycle. The blood was centrifuged at 2000 g for 10 min and the serum was stored in polypropylene tubes at −20°C. Serum AMH was measured by enzyme-linked immunosorbent assay (ELISA) using the Beckman Coulter, Inc. (Chaska, MN, USA) AMH ELISA kit (Immunotech version, Marseilles, France). AMH values were presented in concentration of ng/ml (conversion factor to pmol/L=7.143 ng/ml). The detection limit of the assay was 0.14 ng/ml; intra-and inter-assay coefficients of variation were 12.3 and 14.2 %, respectively.
Statistical analysis
According to the Bologna Consensus [2] 2 out of 3 criteria need to be present to define a patient as poor responder: 1. maternal age≥40 years, 2. AMH <1 ng/ml or AFC <7 follicles, 3. previous poor response, defined as a cycle previously cancelled because of absent ovarian response or if fewer than 4 oocytes were retrieved. Five different classes of POR may be defined from the different combinations of the Bologna criteria: i). a previous poor response and age ≥40 years, ii). previous poor response and abnormal markers of ovarian reserve, iii). age ≥40 years and abnormal markers of ovarian reserve, iv). previous poor response and age ≥40 and abnormal markers of ovarian reserve, V. two previous poor responses.
The outcome of IVF stimulated cycles and the rate of live birth in different categories were then compared. Continuous data were given as mean and SD. Groups of women were compared with student's t-test or Mann-Whitney U-test as appropriate. Categorical variables were presented as number and percentage. Differences between proportions were evaluated with chi-square test. Missing data were excluded per test. Statistical significance was set for P<0.05. GraphPad Prism version 6 (LaJolla, CA, USA) was used for statistical analysis.
Results
In our database, 830 women fulfilled the inclusion/exclusion criteria of the study and 210 women fulfilled the Bologna definition of poor response. Women' characteristics were summarized in Table 1 . Expectedly, poor responders were significantly older than normal responders while there were no differences for the percentage of smokers, diagnosis, type and cause of infertility. The live birth rate was 30.5 % in normal responders and 6.3 % in poor responders ( Table 1) . The five different combinations of the Bologna criteria leading to diagnosis of POR are reported in Table 2 . A total of 167 women were>40 years of age, 176 women had a retrieval of less than 4 oocytes in the index cycle and 91 of them were> 40 years. Of the 176 women with less than 4 oocytes, 106 had already had a previous cycle and in 76 of these an oocyte yield of <4 oocytes was reported. Out of 830 investigated women an abnormal ORT was found in 169 women and 136 of them had an oocyte yield<4. Seventy-six women were expected poor responders, having had an abnormal ORT and age >40 years. Seventy-three women met all three Bologna criteria of poor response (Table 3 and Fig. 1 ) Table 3 shows data concerning the IVF±ICSI reproductive outcomes of women divided into categories on the basis of a different combinations of the Bologna criteria. There was no significant difference among subgroups of women in the number of retrieved oocytes. The rate of women reaching the oocytes pick up and the embryo transfer was similar in different groups of women. Similarly, the clinical pregnancy rate and the live birth rate were not different among the groups. The rate of live birth ranged between 5.5 and 7.4 % in the five different categories of women.
Discussion
The proper identification of a poor responder in the preconceptional phase has value only if this allows correct evaluation of the prognosis. If a poor responder could be informed about the bad reproductive prognosis beforehand, they could perhaps deal with the IVF treatment with less expectation thereby reducing their physical and psychological stress [29] . According to the results of our study, the adoption of the Bologna criteria allows the identification of women with a reproductive chance lower than 8 % following IVF. This information is very useful for the clinician for adequate counselling.
Our results are in accordance with a recent retrospective study involving 485 women defined as poor responders according to the Bologna criteria reporting collectively a live birth of 6 % per cycle. [30] . For many years the identification of POR was only based on the history of a single IVF cycle with low oocyte yield, usually less than 4 [12, 31] . However, the ovarian response to a single treatment, even if important for the clinical outcome of the cycle, has a low predictive value for the outcome of future treatments. Previous studies in fact have demonstrated that in successive cycles women with one previous POR may have a normal response [32, 33] . In one study the occurrence of a POR in a second cycle was evident in only 62.4 % [32] of women with a first POR, implying that at least one-third of previous poor responders will have a normal response in subsequent cycles.
In a more recent retrospective study of 142 poor responders, only 46.5 % had a second poor response following ovarian stimulation and, most importantly, the rate of live birth was 34.3 and 13.6 % in those women with a normal response or with a repeated POR [33] . In the same study the age of women with a repeated poor response was significantly higher than that of women who showed a normal response in the second stimulation cycle [33] .
These data confirm a complex interaction between reduced ovarian reserve, age, ovarian response to gonadotrophins and reproductive potential in women undergoing IVF. Undoubtedly the reduced prospects for pregnancy in women with few oocytes in IVF has to be attributed to the relevant effect of female age since poor responders are usually of higher age than controls (normal responders). The decline in oocyte quality with advancing female age occurs in parallel to the reduction in the number of ovarian follicles, hence explaining the detrimental effect of poor response on reproductive competence. A poor response, occurring in an aged women (i.e., older than 40) is with high probability due to reduced ovarian reserve and the combination of the two criteria permits to identify poor responder women with low possibility of success.
One of the Bologna criteria for the definition of POR is the presence of abnormal markers of ovarian reserve. AMH and AFC are now considered the most reliable and accurate markers of ovarian reserve [3, 34] . The two markers are strongly related to the quantitative aspect of ovarian reserve; hence a low AMH and/or AFC are highly indicative of possible low number of growing follicles and oocyte following ovarian stimulation. Moreover, both low AMH and AFC have been associated to reduced pregnancy and live birth following IVF independent of age [35] [36] [37] [38] [39] [40] [41] . This may indicate some relationship between quantity and quality of oocytes, with a The present study because of its retrospective design has relevant limitations, including a biased selection of women recruited for the study. As the ESHRE consensus for defining POR did not specify one specific cut-off for AFC and AMH [2] , the current study selected<1 ng/ mL for AMH and<7 for AFC as values to define reduced ovarian reserve may be criticised. Similarly, a possible source of bias may be due to the varied ovarian stimulation regimens with different types of pituitary suppression and different gonadotrophin doses. In particular the gonadotrophin starting dose for women included in the study ranged between 200 and 400 IU daily which was higher than 150 IU as previously proposed [2] .
Conclusions
The Bologna criteria for POR, as confirmed in our study, are capable of identifying women with a poor reproductive prognosis based on the sum of various criteria (i.e., low number of eggs, advanced age and/or abnormal ovarian reserve markers). The Bologna criteria analysed individually are all independent factors predictive of reproductive success after IVF. The combined use of these features, increases the reliability of the identification of women with worse prognosis. Women with diagnosis of poor response according to the Bologna criteria have a chance of live birth<8 %. This information allows the clinician to provide women with correct information regarding their reproductive prognosis, hence permitting to evaluate the risks and benefits and the cost-effectiveness of ART on an individual basis.
